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Developing countries are encouraged to pursue environmental protection and
industrial development simultaneously, although it is a big challenge to reach
win-win situation. This study explored the relationship between environmental
regulations and the industry enhancement in developing countries through
conducting an empirical analysis of the impact of environmental regulations
on Chinese automobile industry. In the empirical analysis, a total of 64 Chinese
automobile enterprises were investigated, the Malmquist index of total factor
productivity was adopted to determine the productivity of Chinese
automobiles, and the two-step system Generalised Method of Moments
(GMM) estimation was used for the regression analysis. The results showed
that environmental regulations negatively affected the productivity and
technology of Chinese automobile industry during 2004–2018. The production
cost of automobile industry in China was rising sharply, and the productivity
and technological progress of Chinese automobile industry were impeded
significantly. The case of Chinese automobile industry illustrated that strict
environmental requirements can negatively impact industry productivity by
increasing production costs and squeezing industry profits.

1. Introduction
To protect the environment, countries in the world have involved in campaigns to reduce CO2 emissions, such as the
Kyoto Protocol, Copenhagen Accord, and Paris Agreement. In these campaigns, countries make commitments on
reducing CO2 emissions as per their situations. Developed and developing countries set their own targets in the
environmental protection campaign and adopted relevant environmental policies. As the largest global producer of
automobile, China has pledged to cut carbon emissions by 40%–45% from 2005 levels by 2020 (United Nations, 2007).
China’s commitment was fulfilled by 2017, reflecting that it has been implementing strict environmental policies
(United Nations, 2018).
Conventionally, the viewpoint is that strict environmental regulations could increase production costs, thus harming
enterprises’ production efficiency and competitiveness (Cropper and Oates, 1992; Jaffe and Palmer, 1997; Zhang and
Jiang, 2019). Empirical studies have verified that strict environmental regulations do reduce industries’ productivity
(Barbera and McConnell, 1990; Boyd and McClelland, 1999; Lanoie et al., 2008; Zhang and Jiang, 2019). However,
Porter and Van der Linde (1995) proposed the Porter Hypothesis, which presents that appropriate environmental
regulations can stimulate the technological innovation of industries and promote productivity and competitiveness.
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Several studies have empirically analyzed the Porter Hypothesis (Lanjouw and Mody, 1996; Xepapadeas and de Zeeuw,
1999; Van Leeuwen and Mohnen, 2017; Bu et al., 2020). It is accepted by the policymakers optimistically that
environmental regulation can improve industries’ ability and competitiveness. The ‘win-win’ view, which is adopting
environmental regulations while realising industry competitiveness, is advocated by many policymakers, such as the
European Commission and World Bank (World Bank, 1992; Jenkins, 1998; Wang and Feng, 2021).
Whether environmental regulations could effectively force industries to achieve technological progress is actually a
complicated process (Sun and Wang, 2012; Nallusamy et al., 2015). In order to realize environmental regulations that
push industries’ progress, policy makers should design environmental policies properly and choose appropriate policy
implementation methods (Porter and Van der Linde, 1995; Jaffe et al., 2002; Brouillat and Saint, 2020). Environmental
policy implementation methods can be generally characterized as either command and control approaches or marketbased approaches, which are regarded as providing more powerful incentives for companies on adopting better
technologies (Jaffe et al., 2002).
In developing countries, it is highly probable that implementing environmental regulations do not lead to positive
influences on the industries. To the best of our knowledge, it is a big challenge for developing countries to set
appropriate environmental regulations and make suitable environmental policies (Nallusamy, 2016). Developing
countries usually are short of advanced social management, sound institutions, and governance systems.
Additionally, for such countries, industrial development is still the primary driving force for economic growth and
social development (Luken, 2006; Unite Nations, 2007). Therefore, exploring how environmental regulations affect
industries’ enhancement in developing countries is meaningful to their sustainable development strategy planning.
This article aims to study the impact of environmental regulations on the industries in developing countries, with
Chinese automobile industry as the case study. The automobile industry is China’s pillar industry, but its
development is not as successful as the government expects (Chen et al., 2020). Generally speaking, Chinese
automobile industry is large but not strong (Yan et al., 2013). The industry is less competitive globally although it
has taken four decades to enhance its automobile industry. To follow the commitments, China has gradually
strengthened emission requirements on the automobile industry. For Chinese automobile industry, all kinds of
environmental regulations have been implemented. However, empirical analysis on this subject is scare. The existing
researches were mainly focused on case studies or qualitative analyses with limited conclusions (Sun and Wang,
2012; Zheng, 2012). Therefore, this study implemented an empirical analysis on Chinese automobile industry in
order to clarify the relationship between environmental regulations and industry’s development.

2. Chinese automobile industry
In the seventh Five-year Plan for the National Economic and Social Development of China issued in 1986, the
automobile industry started to be listed as one of the country’s pillar industries. Since the late 1990s, the
enhancement of automobile industry’s competitiveness has been emphasized in Chinese industry development
strategy (Chu, 2009). In 2019, the total Chinese automobile production reached approximately 0.26×109, which is
significantly higher than that in 1980 (only 5000). Currently, in terms of production and selling, China ranks the
first in the world (Li, 2017). Although China’s automobile industry has the largest production scale, its
competitiveness is relatively low. Moreover, Chinese automobile industry does not established its own global wellknown brand, production costs are relatively high, and core technologies are generally weak (Li et al., 2009). Thus,
enhancing Chinese automobile industry continues to be an important issue in China’s national development plan.
Accompanying China’s implementation of the CO2 emission reduction strategy, the automobile industry has been
restricted because of environmental regulations. Table 1 lists the national emission standards for petrol passenger
cars during 2001–2017, showing that the carbon monoxide (CO) emission needs to be reduced from 2.27 g/km in
2001 to 1.00 g/km in 2017. Compared with the European Union (EU), the US, and Japan, which are the leading
automobile producers globally, China has a closed emission reduction speed (Table 2). As shown in Table 2, China’s
CO2 emission limit in 2006 was 189 g/km, close to the EU and lower than the US; it was 118 g/km in 2020, almost
the same as the US (113 g/km).
Table 1
National emission standards for petrol passenger cars in China.
Year
Carbon monoxide (CO) (g/km)
Nitrogen oxides (NOx) (g/km)
2001
2.72
2004
2.20
2007
2.30
0.15
2011
1.00
0.08
2017
1.00
0.06
Note: Source: China Society of Automotive Engineers (2015). “-” means no data.

Hydrocarbon (HC)+NOx (g/km)
0.97
0.50
-

Table 2
CO2 emission limit for petrol passenger cars in China, the European Union (EU), the US, and Japan.
Year

China
2006
189
2015
161
2020
118
Note: Source: China Society of Automotive Engineers (2015).

CO2 emission limit for passenger cars (g/km)
EU
US
160
242
130
140
95
113

Japan
147
126
105
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3. Methods and data sources
3.1. Malmquist index of total factor productivity (TFP)
Productivity effectively reflects an industry’s development. Thus, this study applied the Malmquist index of TFP
to estimate the productivity of Chinese automobile industry using the DEAP software. The Malmquist index was
originally developed by the Swedish economist Malmquist in 1953, based on data envelopment analysis; it has been
gradually employed for productivity estimation (Farrell, 1957; Färe et al., 1994). The Malmquist index measures
TFP change in two adjacent periods by calculating the ratio of the distances of each data point relative to a common
technology. Following Färe et al. (1994) and Coelli et al. (2005), TFP change index (M0) between period t and period
t+1 can be calculated as follows:
D0t ( xt 1, yt 1 ) D0t 1 ( xt 1, yt 1 ) 12
(1)
M 0 ( xt 1 , yt 1 , xt , yt )  [ t

] ,
D0 ( xt , yt )
D0t 1 ( xt , yt )
where Dt0 (xt+1, yt+1) measures the maximal proportional change in outputs required to make (xt+1, yt+1) feasible in
relation to the technology at t. Dt+1
0 (xt+1, yt+1) meaaures the maximal proportional change in outputs required to make
(xt+1, yt+1) feasible in relation to the technology at t+1. Dt0 (xt, yt) is defined as the reciprocal of the “maximum”
proportional expansion of the output vector yt, given input xt. Similarly, one may define a distance function that
measures the maximal proportional change in output required to make (xt, yt) feasible in relation to the technology
at t+1 which calls Dt+1
0 (xt, yt). xt and xt+1 mean the input of industry in period t and period t+1, respectively; and yt
and yt+1 mean the output of industry in period t and period t+1, respectively. A value of M0 greater than 1 indicates
the positive TFP growth from period t to period t+1, while a value of M0 lower than 1 indicates the negative TFP
growth from period t to period t+1. Notably, Equation 1 is the geometric mean of two TFP indices: the first is
evaluated for period t technology and the second for period t+1 technology.
The equivalent formula of the productivity index is as follows:
Dt 1 ( x y )
Dt ( x y )
Dt ( x y ) 1
(2)
M 0 ( xt 1, yt 1, xt , yt )= 0 t t 1, t 1  [ t +10 t 1, t 1  t 01 t , t ] 2 ,
D0 ( xt , yt )
D0 ( xt +1 , yt +1 ) D0 ( xt , yt )
where

[

D0t ( xt 1, yt 1 )
Dt ( x y ) 1
 0 t, t ] 2
D0t +1 ( xt +1 , yt +1 ) D0t 1 ( xt , yt )

measures the change in the technological level of the best enterprise (TECH), which

means the shift in frontier, that is, the technological progress between period t+1 and period t.

D0t 1 ( xt 1, yt 1 )
D0t ( xt , yt )

measures

the technical efﬁciency change between period t+1 and period t, which is the change in the relative distance of the
observed automobile enterprises’ production from the maximum potential production.
According to Coelli et al. (2005), technical efficiency change can be decomposed into pure technical efficiency
(PTE) change and scale efficiency (SE) change. Overall, PTE change represents the change of management practices
of the enterprises, and SE change represents the scale efficiency change of the enterprises. Therefore, the Malmquist
index of TFP could be presented as follows:
(3)
( xt 1, yt 1, xt , yt )  TEP  TECH  PTE  SE .
The investigated Chinese automobile enterprises were primarily from the listed automobile companies in
Shanghai and Shenzhen stock exchanges. Except for the companies with incomplete data, a total of 64 Chinese
automobile enterprises were selected for analysis. According to the availability of data, we selected the net fixed
assets and the number of employees as input variables, while choosing the revenue of enterprise as the output
variable. The studied period was from 2004 to 2018.

3.2. Dynamic panel data model and data sources
We adopted the two-step system Generalised Method of Moments (GMM) proposed by Arellano and Bover
(1995) and Blundell and Bond (1998) to overcome issues related to dynamic panel bias and potential endogeneity
of regressors (Arellano and Bond, 1991; Blundell and Bond, 1998). The two-step system GMM is asymptotically
more efficient than the one-step system GMM. However, the two-step system GMM might produce a bias of
uncorrected standard errors when the instrument count is high, implying that the number of instruments should be
less than the individual dimensions (Blundell and Bond, 1998).
Because four variables (TFP, TECH, PTE, and SE) with different meanings were considered in the estimation of
productivity of Chinese automobile industry, these variables were selected as dependent variables, and therefore,
four regression analyses were conducted. The panel data equations are presented below:
(4)
TEPi ,t  α0  α1TEPi ,t 1  α2ER i ,t  α3ER i2,t  φX i ,t  εi ,t ,
TECHi ,t  β0  β1TECHi ,t 1  β2ER i ,t  β3ER i2,t  φX i ,t  εi ,t ,

(5)

PTEi ,t  γ0  γ1PTEi ,t 1  γ2ER i ,t  γ3ER  φX i ,t  εi ,t ,

(6)

SEi ,t  δ0  δ1PTEi ,t 1  δ2ER i ,t  δ3ER i2,t  φX i,t  εi,t ,

(7)

2
i ,t

where i and t represent automobile enterprises and years, respectively; TFP i,t means the annual total factor
productivity change (Malmquist index); TFP i,t–1 is a first-order lag variable of TFPi,t; TECHi,t represents the annual
technological change; TECHi,t–1 is a first-order lag variable; PTEi,t is the annual pure technical efficiency change;
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PTEi,t–1 is a first-order lag variable; SEi,t represents the annual scale efficiency change; SEi,t–1 is a first-order lag
variable; α, β, γ, and δ describe the possible dynamic effects; ER represents the environmental regulations; ER2 is
the quadratic term, which is used to check the nonlinear relationship between enterprises’ productivity; and Xi,t refers
to the control variables comprising seven control variables, including an enterprise’s age (AGE), return on equity
(RE), ratio of operating cash flow to operating profit (CA), total asset growth rate (DE), receivables turnover ratio
(CP), debt asset ratio (AB), and enterprise scale (SC); and Ɛi,t refers to the error term. We chose these seven control
variables based on previous studies and theories.
The variations of dependent variables (TFP, TECH, PTE, and SE) represented productivity change, technological
change, pure technical efficiency change, and scale efficiency change of Chinese automobile enterprises,
respectively. The explanatory variables in the model were environmental regulations. There was no clear definition
of environmental regulations, and different studies have employed various methods to measure it. Some studies have
used pollutant emissions for estimation (Zhao and Sun, 2016), while others have taken penalty for environmental
pollution for making measurements (Xie et al., 2017); nevertheless, other studies adopted the investment on
pollution treatment for calculation (Wang and Shen, 2016; Lei et al., 2017). In this study, environmental regulations
were measured by the investment in automobile industrial pollution treatment multiplied by the ratio of the output
of the enterprise to the total output of the automobile industry. This could effectively capture the specific
environmental regulation adjustments.
There were seven control variables (AGE, RE, CA, DE, CP, AB, and SC) in the panel data model, which are all
related to an enterprise’s operations. Therefore, these control variables could influence the productivity and
technology of an enterprise. AGE was determined by the number of years of an automobile enterprise has existed.
Generally, the assets of an old enterprise were higher than those of a young one. RE was determined by the ratio of
net income to the value of stakeholders’ equity. High RE means that an enterprise could effectively manage assets
to create profit, thus improving the company’s productivity. CA could measure the cash from operating activities as
a percentage of sales revenue in a given period. High operating cash flow may promote an enterprise’s productivity
as there is more available capital invested in production. DE, which was the ratio of asset increase to the total assets,
reflects an enterprise’s capital growth. Sound asset growth rate indicates the healthy and smooth development of an
enterprise. CP, which was an accounting measure, was determined by the ratio of net credit sales to average accounts
receivable. It measures how efficiently a company is collecting revenue and using its assets. AB was calculated
through total liabilities divided by the total assets. It reflects the proportion of an enterprise’s assets financed through
debt. SC was determined by the asset of each enterprise, which could influence technological progress. Table 3
summarizes all variables in the model and data sources.
Table 3
Summary of variables used in this study as well as their sources.
Item

Dependent
variables

Explanatory
variables

Variable
Total factor
productivity (TFP)
Technological (TECH)
Pure technical
efficiency (PTE)
Scale efficiency (SE)
Environmental
regulation (ER)
Enterprise’s age
(AGE)
Return on equity (RE)

Control
variables

Ratio of operating
cash flow to operating
profit (CA)
Total asset growth rate
(DE)
Receivables turnover
ratio (CP)

Calculation

Data source

Using the DEAP software to estimate the Malmquist
index.

Annual company’s reports, Wind Economic
database, and CSMAR database.

The investment in automobile industrial pollution
treatment multiplied by the ratio of the output of the
enterprise to the total output of the automobile industry.
The number of years that the automobile enterprise has
existed.
The ratio of net income to the value of stakeholders’
equity.
The ratio of operating cash flow to sales revenue in a
given period.
The ratio of asset increases to the total assets.
The ratio of net credit sales to average accounts
receivable.

Debt asset ratio (AB)

Total liabilities is divided by the total assets.

Enterprise scale (SC)

The assets of an enterprise.

Chinese Statistical Yearbooks and Chinese
Statistical Yearbooks on Environment.
Annual company’s reports.
Annual company’s reports, Wind Economic
database, and CSMAR database.
Annual company’s reports, Wind Economic
database, and CSMAR database.
Annual company’s reports, Wind Economic
database, and CSMAR database.
Annual company’s reports, Wind Economic
database, and CSMAR database.
Annual company’s reports, Wind Economic
database, and CSMAR database.
Annual company’s reports, Wind Economic
database, and CSMAR database.

Note: CSMAR, China Stock Market and Accounting Research.

The data of Chinese automobile enterprises’ input and output as well as those of control variables were sourced
from local annual reports, Wind Economic database (https://www.wind.com.cn), China Stock Market and
Accounting Research database (http://cndata1.csmar.com), Development Research Centre of State Council database
(http://www.drcnet.com.cn/www/int), and Chinese Statistical Yearbook (National Bureau of Statistics of China,
2005–2019). In the dynamic panel data model, environmental regulations were regarded as an independent variable,
with the data from Chinese Statistical Yearbook (National Bureau of Statistics of China, 2005–2019) and Chinese
Statistical Yearbook on Environment (National Bureau of Statistics Ministry of Environmental Protection, 2005–
2019).
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4. Impact of environmental regulations on Chinese automobile industry
4.1. Productivity of Chinese automobile industry
Table 4 summarized the Malmquist index estimates and changes in Chinese automobile industry. The Malmquist
index of TFP represents the productivity variation in a given period. Overall, the mean Malmquist index of TFP for
Chinese automobile industry was 1.175, which suggests an improvement in the performance of automobile enterprises
during 2004–2018. However, the TEP decreased from 1.327 to 0.942 during 2005–2014 and then slightly increased
from 2014 to 2018.
Table 4
Malmquist index to estimate the productivity of Chinese automobile industry during 2004–2018.
Period
2004–2005
2005–2006
2006–2007
2007–2008
2008–2009
2009–2010
2010–2011
2011–2012
2012–2013
2013–2014
2014–2015
2015–2016
2016–2017
2017–2018
Mean value

Malmquist index
TFP
1.327
1.130
1.420
1.125
1.363
1.391
1.288
0.912
1.069
0.942
1.064
1.155
1.213
1.220
1.175

TECH
1.883
0.777
0.872
0.981
0.974
1.207
4.689
1.007
0.917
0.925
0.662
0.826
0.947
0.919
1.239

PTE
0.889
1.189
1.235
0.857
1.342
1.169
0.617
1.081
1.055
0.969
1.064
1.182
1.006
1.090
1.050

SE
0.825
1.236
1.543
1.372
0.977
1.165
0.835
0.863
1.137
1.060
1.551
1.179
1.316
1.266
1.155

Essentially, the enterprises’ Malmquist index of SE and PTE showed positive changes from 2004 to 2018. On
average, the Malmquist index of PTE increased by 5.0% while that of SE contributed to a 15.5% increase from 2004
to 2018, suggesting that during the study period, the automobile enterprises mainly experienced an improvement in
optimum size rather than an increment in terms of technical efficiency. However, the results showed that Chinese
automobile industry exhibited a decline in the Malmquist index of TECH in almost every year in the periods when
the Malmquist index values are mostly smaller than 1. This suggested that there has been a deterioration in the
performance of the best practicing automobile enterprise in China. In addition, the Malmquist index of TECH
showed an unusual value of 4.689 in 2010–2011, which may be because of a typing error in the database because
other values from this period are normal. Thus, the productivity distance between a normal enterprise and the best
one is very close. There may be technological spillover within the automobile enterprises through engineers and
technicians’ turnover and learning together.

4.2. Empirical results
Following the study of Roodman (2009), the validity of the instruments implemented in the two-step system
GMM can be tested using the Hansen and Arellano-Bond’s AR(2) tests for estimating autocorrelation. As shown in
Table 5, the result of the AR(2) test was not significant; thus, the estimators from the two-step system GMM were
not subject to serial correlations of order two. Additionally, we also had a non-significant result for the Hansen test,
suggesting that the methodology used was valid. Therefore, we can reasonably consider that our estimators are
unbiased and consistent for further analysis.
Table 5
Regression results of the impact of environmental regulations on Chinese automobile industry.
Variable
TFP
TECH
PTE
SE
TFPi,t–1
0.428* (1.770)
TECHi,t–1
0.050 (0.199)
*
PTEi,t–1
0.212 (1.710)
SEi,t–1
0.004 (0.113)
*
**
**
*
ER
–1.060 (–1.704)
–1.171 (–2.443)
–1.212 (–2.131)
–0.306 (–1.895)
ER2
0.164* (1.755)
0.078** (2.213)
0.111*** (2.957)
0.028** (2.164)
***
AGE
0.067 (1.514)
–0.023 (–1.121)
0.048 (2.789)
0.017** (2.062)
RE
–6.072** (–2.316)
1.178** (2.187)
0.941 (0.775)
–1.536* (–1.775)
CA
–0.028** (–2.196)
–0.024 (–0.900)
–0.011 (–1.055)
0.070** (2.096)
CP
–0.003 (–1.269)
–0.001 (–0.452)
0.000 (0.271)
0.002 (0.866)
DE
0.944*** (5.381)
0.743* (1.665)
–0.565 (–0.947)
–0.069 (–0.278)
AB
–0.539** (–2.546)
0.739 (1.421)
3.192* (1.774)
–0.884** (–2.546)
SC
–3.213 (–1.625)
0.184 (0.229)
–1.364** (–2.220)
–0.427 (–1.215)
*
***
Constant
20.361 (1.765)
3.707 (0.968)
10.072 (2.835)
4.751** (2.234)
Observations
944
944
899
899
AR(1) test
0.002
0.029
0.034
0.014
AR(2) test
0.194
0.542
0.240
0.346
Sargan test
0.860
0.957
0.990
0.980
Hansen test
0.992
0.997
0.976
1.000
* **
***
Note: , , and demonstrate significance at the 0.1, 0.05, and 0.01 levels, respectively; values in parentheses represent the z-values; “-” means no value.
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Table 5 shows the regression results about the influence of environmental regulations on Chinese automobile
industry. This study adopted the Malmquist index to evaluate the productivity of Chinese automobile industry, and
four indicators were used as the dependent variables (TFP, TECH, TE, and SE). Accordingly, Table 5 reflects the
estimation results of the dependent variables. The time lag dependent variables (TFPi,t–1, TECHi,t–1, TEi,t–1, and SEi,t–1)
have significantly aggravated the current dependent variables, indicating that the change in the productivity and
efficiency of Chinese automobile enterprises is a continuously accumulating process.
The coefficients of explanatory variable environmental regulation shown in Table 5 were all negative and statistically
significant for the four dependent variables, which means that environmental regulations have negatively influenced
Chinese automobile industry, consistent with previous research results (Zheng, 2012). Specifically, Zheng (2012)
statistically estimated automobile enterprises in Beijing and found that environmental regulations negatively influenced
the productivity of enterprises. According to Table 5, one unit increase in ER could lead to the decreases of 1.060 units
of TFP, 1.171 units of TECH, 1.212 units of TEP, and 0.306 units of SE. This illustrated that with strict environmental
demands, Chinese automobile enterprises’ production efficiency, technology, and scale are hindered significantly. In
addition to the technology of the best practicing enterprise, the other enterprises technical capacity are also negatively
impacted. Therefore, environmental regulations are hampering the development of entire Chinese automobile industry.
It can be seen from Table 5 that the coefficients of the square term of environmental regulation were positive and
statistically significant, which certified the nonlinear relation between productivity of automobile enterprise and
environmental regulations. This means that there may be a U-shaped relationship between environmental regulation
and automobile enterprise’s productivity. If this proposition was correct, the empirical estimation in this study could
reflect the left part of the U shape; further, environmental regulations may stimulate enterprises’ improvement in the
future (i.e., entering into the right part of the U shape). However, due to the model’s limitation, this study could not
verify whether there is a U-shaped relationship between environmental regulations and automobile enterprises’
productivity. This could be an analysis point for future studies.

5. Discussion
The Chinese environmental policies for its automobile industry are mostly implemented based on the command and
control approaches, which set and tightened emission standards for pollutants, resulting in the increases of production
cost of automobile enterprises (Jaffe et al., 2002). In order to meet the compulsory emission standards, Chinese
automobile enterprises must improve their technologies before the new standards come into force. For instance, the
catalytic converter of an exhaust pipe system used to reduce toxic gases and pollutants from car engines needs to be
improved and upgraded with each new emission standard (Ma and Yi, 2011). Notably, the catalytic converter is a hightech product that Chinese automobile enterprises are unable to produce it or find local suppliers. Another effective way
of cutting emission is to reduce vehicle weight. A 10% weight reduction can reduce emissions by 6%–8%. Advanced
high-strength steels are effective materials for reducing weight while maintaining crash safety standards (Ma and Yi,
2011). European automobile enterprises have been using advanced high-strength steels since the 2000s so that both
light-weighting and crash safety can be guaranteed. Chinese automobile enterprises are following suit and using more
advanced high-strength steels despite they are more expensive and difficult to stamp onto car components.
Consequently, Chinese automobile enterprises are paying international prices, which increase production costs (Chen
et al., 2020).
As mentioned previously, the CO2 emission requirements on the automobile industry in China is closer to that in
developed countries. For petrol passenger cars, China adopts CO2 emission standards similar to that of the EU. As
shown in Table 6, China’s implementation time is only 6–8 years behind the EU. As per our research, the EU’s
environmental controls are the strictest in the world (China Society of Automotive Engineers, 2015).
Table 6
Comparison of emission standards for petrol passenger cars as well as implementation time between China and the EU.
Standard
level
I
II
III
IV
V

Carbon monoxide (CO)
(g/km)
2.7
2.2
2.3
1.0
1.0

Nitrogen oxides (NOx)
(g/km)
0.15
0.08
0.06

Hydrocarbon (HC)+NOx
(g/km)
0.9
0.5
-

Implementation time
China
EU
2001
1992
2004
1996
2007
2000
2011
2005
2017
2009

Note: “-” means data are unavailable. Source: China Society of Automotive Engineers (2015). I, II, III, IV, and V mean different national emission standard
levels in China.

However, the technological level of Chinese automobile industry is not close to that of the leading automobile
industries in the world, despite China has the world’s largest car production (Xu and Li, 2014; Li, 2017). For instance,
European automobile enterprises have more advanced fuel efficiency technology. As can be seen from Figure 1,
passenger cars in China consume more petrol per 100 km than European passenger cars of the same weight. Under the
condition of the similar weight, the less petrol a car consumes, the more technologically advanced it is. Although
Chinese automobile industry is large, it is not strong (Yan et al., 2013). In order to meet the requirements of
environmental policies, automobile enterprises need to update production parts and processes, which will increase
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production costs corresponding. On the other hand, environmental regulations promote automobile enterprises to carry
out technological innovation.

Fig. 1. Petrol consumption difference of passenger cars between China and the EU. Source: Society of Automotive
Engineers (2015).

6. Conclusions
An empirical analysis about the impact of environmental regulations on Chinese automobile industry was
implemented to illustrate the relationship between environmental improvement and industries’ enhancement in
developing countries, taking Chinese automobile industry as an example. Specifically, the Malmquist index was
applied to determine the productivity of Chinese automobile industry, and the two-step system GMM was used to
estimate the impact of environmental regulations. The results of the study reflected that environmental regulations
have negatively influenced the productivity and technology of Chinese automobile industry. Strict environmental
requirements for CO2 emissions and energy conservation led to increased production costs, resulting in increased
capital input and reduced industry productivity.
Should we improve the environment or strengthen the industry in economic development? It is not easy for
developing countries to achieve win-win strategic outcomes. Various preconditions such as adaptive environmental
policies and implementation methods are necessary to realize the positive influences of environmental policies on
the automobile industry’s development. To satisfy these preconditions, a country must have sound and completely
developed governance and institution system. In recent years, Chinese government is gradually improving the
implementation of environmental policies. It will effectively help the automobile industry to adapt to the new
environmental requirements with higher technological abilities.
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